Trastuzumab is a milestone in the treatment of human epidermal growth factor receptor 2 positive (HER2+) breast cancer (BC), in both the early and metastatic settings. Over the last two decades, clinical trials have established the good safety profile of trastuzumab. Cardiotoxicity remains the most frequent adverse event, more commonly exemplified by an asymptomatic decline in the left ventricular ejection fraction rather than congestive heart failure. Results from several long-term (>5 years) safety analyses have been recently published, with the inherent evidence substantially confirming the findings from previous trials. The clinical experience gained over the years in the use of trastuzumab has also fueled a number of observational studies focused on the effectiveness of this drug in the real-world settings. We herein reviewed the evidence available from tree major databases, namely, PubMed, EMBASE and the Cochrane Central Register of Controlled Trials (CENTRAL), to explore and critically discuss key issues related to the long-term safety and effectiveness of trastuzumab in clinical practice.
Introduction
Trastuzumab is a humanized monoclonal antibody directed against the extracellular domain of human epidermal growth factor receptor 2 (HER2)-neu receptor. It represents the standard of care in breast cancer (BC) patients with HER2 amplification and/or overexpression both in the advanced and (neo)adjuvant settings. The amplification/overexpression of HER2 receptor can be identified in approximately 20% of invasive breast neoplasms [1] . HER2-positive (HER2+) BC is characterized by a biologically aggressive behavior and worse prognosis when compared to HER2 negative tumors. Prior to the availability of anti-HER2 therapies, women diagnosed with early stage HER2+ BC experienced a significantly shorter time to relapse, higher mortality and increased incidence of metastases [2] . Adding trastuzumab to standard chemotherapy has led to a significant improvement in survival outcomes [3] . Currently, patients with HER2+ BC are treated worldwide with a combination of chemotherapy plus trastuzumab and/or other target therapies against HER2. Various HER2 targeted agents (pertuzumab, trastuzumab-emtansine, lapatinib and neratinib) have been developed in recent years and are now used in the metastatic or (neo)adjuvant settings, in combination with or following trastuzumab treatment. However, nowadays trastuzumab remains widely used as a single agent all over the world. Moreover,
Long-Term Safety

First, the search terms "((trastuzumab [MeSH Terms]) AND breast cancer [MeSH Terms])
AND long-term safety" were used. Citation tracking and search were performed in the previously mentioned DBs.
We considered for inclusion phase II and III randomized controlled trials (RCTs), and observational studies (OSs) published within the last 10 years. Intervention trials had to include a trastuzumab treatment arm and OSs had to be related to patients having received trastuzumab. Independently on the study design, the required follow up period following trastuzumab administration was of at least five years. We also evaluated systematic reviews and meta-analyses of phase II-III RCTs and/or OSs with the aforementioned characteristics. Exclusion criteria were as follows: tumors other than BC; treatment with HER2 target agents other than trastuzumab or combining trastuzumab with other HER2 targeted agents; we also excluded case reports, case series, reviews, guidelines or consensus articles, and letters to the editor. The full-text version of the manuscripts selected were obtained and the related references screened manually for additional relevant articles.
Overall, the search performed in PubMed, EMBASE and CENTRAL yielded a total of 35 unique citations. Additional publications suitable for inclusion were found by cross-reference check. Based on the aforementioned inclusion and exclusion criteria, 14 papers resulted eligible for analysis ( Figure 1 , Table 1 ). Among them, 4 studies were focused on metastatic breast cancer, 8 were inherent to the (neo)adjuvant setting and 2 included data on both.
Real-World Effectiveness
The search terms "(trastuzumab [MeSH Terms]) AND breast cancer [MeSH Terms]) AND/OR real-world" were used. Citation tracking and search were performed in the aforementioned DBs.
Inclusion criteria were as follows: observational studies with a prospective, retrospective or mixed design focused on patients from the real-word setting and published within the last 10 years; treatment with trastuzumab was required. Exclusion criteria were: treatment with HER2 targeted agents other than trastuzumab, singularly or in combination with trastuzumab; articles concerning cost-effectiveness or other economic/financial studies, case reports, guidelines or consensus articles, and letters to the editor. The full-text versions of the search results were obtained and the inherent reference lists were screened for additional relevant manuscripts.
Adding the filter "observational study" to the search, a total of 1049 unique references were identified based on the search performed in PubMed, CENTRAL and EMBASE DBs. Other publications concerning our research question were found by cross-reference check. Overall, 17 papers resulted eligible for analysis ( Figure 2 , Table 2 ). Among them, seven studies were about metastatic breast cancer, while nine were inherent to the (neo)adjuvant setting and one to both. and letters to the editor. The full-text versions of the search results were obtained and the inherent reference lists were screened for additional relevant manuscripts. Adding the filter "observational study" to the search, a total of 1049 unique references were identified based on the search performed in PubMed, CENTRAL and EMBASE DBs. Other publications concerning our research question were found by cross-reference check. Overall, 17 papers resulted eligible for analysis ( Figure 2 , Table 2 ). Among them, seven studies were about metastatic breast cancer, while nine were inherent to the (neo)adjuvant setting and one to both. and letters to the editor. The full-text versions of the search results were obtained and the inherent reference lists were screened for additional relevant manuscripts. Adding the filter "observational study" to the search, a total of 1049 unique references were identified based on the search performed in PubMed, CENTRAL and EMBASE DBs. Other publications concerning our research question were found by cross-reference check. Overall, 17 papers resulted eligible for analysis ( Figure 2 , Table 2 ). Among them, seven studies were about metastatic breast cancer, while nine were inherent to the (neo)adjuvant setting and one to both. 
Long-Term Safety
Data from intervention trials showed an excellent safety profile for trastuzumab, except for cardiotoxicity. This latter is most commonly associated with an asymptomatic decline in the left ventricular ejection fraction (LVEF) rather than a congestive heart failure (CHF) [33] . On this basis, all the studies focusing on the safety profile of patients treated with trastuzumab also investigated the cardiac toxicity. We herein report the studies included in this paper (Table 1) .
Despite considerable efforts, the mechanisms responsible for trastuzumab-related cardiotoxicity have not been fully elucidated yet. The most likely explanation is that trastuzumab interferes with the action of Neuregulin (NRG), a protein expressed in the microvascular endothelium with both antioxidant and antiapoptotic properties. At the myocyte level, it also interacts with myocardial metabolism through the activation of ErbB receptors, which include HER2. The inhibition of ErbB2 operated by trastuzumab may reduce the protective effects of NRG on myocardium [34] . Secondly, it has been supposed that the HER2 blockage by trastuzumab leads to the accumulation of reactive oxygen species (ROS), which cause cell damage and prelude to cell apoptosis [35, 36] .
Early Breast Cancer
Data on long-term safety concerning the use of trastuzumab in early breast cancer (eBC) are available from the most recent updates of the pivotal trials conducted in this setting.
The HERA trial (BIG 1-01) was the first trial to investigate the role of trastuzumab in the adjuvant setting. It was an international, multicentre, open-label, phase 3 randomized trial that enrolled 5102 women with HER2+ eBC, between 2001 and 2005 [37] . Following surgery, adjuvant chemotherapy and radiotherapy, patients were randomly assigned (1:1:1) to receive trastuzumab for 1 year or 2 years, or to the observation group. The study demonstrated that a 1-year treatment with trastuzumab significantly improved disease free survival (DFS) compared to the observation group. No survival difference emerged between the 1-year and 2-year treatment groups. Regarding the safety profile, cardiac toxicity was more frequent in the trastuzumab groups compared to the observation one. Cardiac adverse events leading to discontinuation of trastuzumab occurred in 9.4% of patients in the 2-year arm and 5.2% of patients in the 1-year arm. Primary cardiac events were symptomatic congestive heart failure, defined as New York Heart Association (NYHA) class III or IV, a clinically significant LVEF drop of at least 10 percentage points from baseline, an absolute LVEF below 50%, or death from cardiac causes. [38] . The 11-year follow up analysis, published in 2017, showed no evidence of significant change in the number of cardiac events occurring after a longer time since randomization [6] .
Another key trial of trastuzumab in eBC was the National Surgical Adjuvant Breast and Bowel Project (NSABP) Protocol B-31, wherein the 1830 patients enrolled received anthracycline and taxane chemotherapy with or without trastuzumab for adjuvant treatment of node-positive, HER2+ eBC [7] . After a seven-year follow up, data on the cardiac assessment of the patients included was published. Thirty-seven out of 944 subjects in the trastuzumab arm experienced a cardiac event versus 10 out of 743 patients in the control one [39] . As described above, the majority of patients recovered LVEF in the normal range, although some decline from baseline persisted. Two cardiac deaths were registered, one per cohort. Only two cardiac events were registered after 2 years of trastuzumab treatment. In 2017, at a median follow-up of 8.8 years, Ganz and colleagues published a long-term safety update in patients that experienced a cardiac event during the NSABP Protocol B-31: five patients (4.5%) in the control group and 10 (3.4%) in the trastuzumab group had a permanent ≥10% LVEF decline compared to baseline and a resulting absolute LVEF value <50%. According to the authors, the addition of trastuzumab did not result in long-term worsening of cardiac function [40] .
The North Central Cancer Treatment Group (NCCTG) N9831 trial was an international study that randomly assigned eBC patients with operable, HER2+ disease to receive four cycles of doxorubicin and cyclophosphamide (AC) followed by either paclitaxel alone (arm A), or paclitaxel with trastuzumab either sequentially (arm B) or concurrently (arm C) [7] . The 6-year cumulative incidence of cardiac events was 0.6% in arm A, 2.8% in arm B, and 3.4% in arm C. An update of the cardiac safety analysis of the N9831 trial after a median follow-up time of 9.2 years was published in 2016: only two additional cardiac events were registered. The authors defined that the late development of cardiac events was infrequent [41] .
The BCIRG 006 study randomly assigned 3222 women with HER2+ eBC to receive AC followed by docetaxel (T) every 3 weeks (AC-T), the same regimen plus 52 weeks of trastuzumab (AC-T plus trastuzumab), or docetaxel and carboplatin plus 52 weeks of trastuzumab (TCH). At a median follow up of 65 months, the rates of CHF and cardiac dysfunction were significantly higher in the group receiving AC-T plus trastuzumab (2.0%) than in the TCH (0.4%) group (p < 0.001). It is noteworthy that eight cases of acute leukemia were diagnosed in the anthracycline-based treatment group. In this study, the subclinical toxic effects persisted for several years: 33% of patients experienced a LVEF reduction for at least 4 years after the end of therapy [8] .
In the FinHer trial, trastuzumab was added in HER2+, eBC patients after several combinations of adjuvant chemotherapy. Differently from other studies, the duration of trastuzumab treatment was 9 weeks only. At a 5-year follow up, the median LVEF of patients treated with trastuzumab did not change and, unexpectedly, the incidence of cardiac events was higher in the non-trastuzumab group than in the trastuzumab one [42] .
Evidence regarding the safety of trastuzumab can also be derived from several observational studies which specifically addressed long-term toxicity in HER2+ eBC. Recently, the final analysis of cardiac events in the OHERA study, who included 3733 patients with eBC treated with trastuzumab, has been published [10] . Symptomatic CHF occurred in 106 patients (2.8%) and median time onset was 5.7 months (95% CI 5.3-6.5). As expected, 77/106 (72.6%) patients with symptomatic CHF achieved resolution. The CHF incidence was higher in patients ≥65 years, those with pre-existing cardiac conditions, hypertension, or LVEF ≤55% at baseline.
Goldhar and colleagues reported on the temporal risk of heart failure associated with adjuvant trastuzumab in 3371 breast cancer patients. After a median follow up of 5.9 years, patients treated with trastuzumab and chemotherapy were more likely to develop heart failure (HF) than patients treated with chemotherapy alone (5-year cumulative incidence of 5.2% vs. 2.5%; log-rank p < 0.001). Trastuzumab remained independently associated with higher incidence of HF in the first 1.5 years, but not thereafter. The authors concluded that a routine intensive monitoring may not be necessary after completing adjuvant therapy [11] .
A Dutch experience provided data from 230 patients treated with trastuzumab in the adjuvant setting. With a median follow up of 5 years, asymptomatic decrease in LVEF was observed in nine patients (3.9%), severe cardiotoxicity was registered in 20 patients (8.7%) and 12 patients had a permanent drop in LVEF during the first 6 months after start of trastuzumab treatment [12] .
Metastatic Breast Cancer
Data on long-term safety in metastatic breast cancer (MBC) setting are fewer than eBC. This is intuitively due to the shorter follow up period reached in this setting.
The LHORA study was a French trial which described the clinical features of long responder (PFS > 3 years) patients to a first-line trastuzumab therapy for HER2+ MBC. No trastuzumab-related deaths were observed. In the safety analysis (n= 134 patients), only three cardiac adverse events considered related to trastuzumab were recorded (2.2%) [13] .
Rossi and colleagues reported on the results of an Italian observational study including 681 MBC patients treated with trastuzumab. The incidence of cardiac events increased year by year, reaching a value of 2.4% and 4.3% during the first and second year. Age was a strong predictor of cardiotoxicity. The incidence of cardiotoxicity in this cohort was higher than that reported in clinical trials [14] .
The Rollover Protocol (ROP) Study was conducted to investigate safety in patients with HER2+ locally advanced/metastatic breast cancer who had received long-term trastuzumab therapy (≥5 years) in previous clinical trials. Only 19 MBC were included. No serious cardiac adverse events or relevant changes in LVEF, neither serious adverse event related to the study treatment were registered [15] .
Another retrospective trial included 215 patients with HER2+ MBC who started first-line trastuzumab-containing therapy for metastatic disease between 2001 and 2010 at the Royal Marsden Hospital. Twenty-eight (13%) patients recorded any grade of left ventricular dysfunction. There was no significant difference in cardiac toxicity between patients receiving trastuzumab for less than one year vs. more than one year [16] .
Early and Metastatic Breast Cancer
Two studies included in this review reported data on both MBC and eBC patients. Huang Ping and colleagues examined the long-term clinical tolerance and cardiac safety of trastuzumab treatment in 94 BC patients. The duration of trastuzumab treatments ranged from 3 to 60 months. Declines in LVEF ≥15% were seen mainly after 3-15 months of trastuzumab treatment [17] .
Another retrospective study was conducted to assess long-term clinical tolerance and cardiac safety during trastuzumab treatment. One hundred and five patients were included. A decline of LVEF was correlated with the cumulative dose of anthracyclines administered, the use of cardiovascular drugs and duration of trastuzumab treatment [18] .
Real World Effectiveness
The second objective of this review is to explore the real-world effectiveness of trastuzumab treatment in breast cancer. The literature included in following sections has been presented and critically discussed across three main domains represented by: (1) Studies of HER2+ eBC, including patients having received neoadjuvant and/or adjuvant therapy, (2) studies of HER2+ MBC, and (3) studies including both early and metastatic breast cancer patients (Table 2 ).
Early Breast Cancer
A large retrospective study was conducted in Italy, including 205 patients who had undergone neoadjuvant chemotherapy + trastuzumab. Pathological complete response (pCR) was obtained in 46.8% of these patients. In multivariate logistic regression models, non-luminal/HER2+ tumors and length of neoadjuvant trastuzumab treatment were independent predictors of pCR (p = 0.0001 and p = 0.03, respectively). Median event-free survival (EFS) and cancer-specific survival (CSS) were not reached at the time of the analysis. In multivariate analysis, non-luminal/HER2+ subgroup and pathological (p) stage II-III at surgery were the only variables significantly associated with worse long-term outcome (p = 0.01 and p = 0.01 for EFS and CSS by non-luminal/HER2+ subgroup and p = 0.0001 and p = 0.001 for EFS and CSS by p-stage at surgery, respectively) [9] .
A study from the Southeast Netherlands Breast Cancer Consortium reported the real-life use and effectiveness of adjuvant trastuzumab in eBC patients, compared to standard chemotherapy without trastuzumab. Trastuzumab was delivered for a median of 17 cycles (range 2-37). Five-year DFS was 80.7%, while 5-year OS rates were 90.7% in patients treated with trastuzumab; both these outcomes were statistically improved with respect to those of the cohort not treated with trastuzumab [19] .
Real-world data for eBC HER2+ patients were reported also from India, in a manuscript published by Adusumilli and colleagues. Out of a total of 885 patients, 212 resulted in HER2+ but only 76 (35.8%) received trastuzumab plus chemotherapy, due to financial issues. Patients having received trastuzumab with chemotherapy showed longer 5-year DFS and OS compared to those having received chemotherapy alone [20] .
An additional real-world, multicenter study was conducted by our group to assess outcomes of HER2+ eBC patients in the pre-trastuzumab and post-trastuzumab eras (RETROHER study). Nine hundred and twenty-five consecutive HER2+ eBC patients treated with adjuvant chemotherapy were retrospectively recruited. Patients who had received adjuvant chemotherapy alone (cohort A, 352 patients), and patients who had received adjuvant chemotherapy followed by or combined with trastuzumab (cohort B, 573 patients) were analyzed. The median duration of trastuzumab treatment was 52 weeks (range, 1-104) The survival outcomes were significantly less favorable in the cohort A than in the cohort B (p = 0.0001). The benefit derived from the addition of trastuzumab was independent on nodal status and hormonal receptors expression. Interestingly, a subgroup analysis including 163 "triple positive" (TP) tumors with high levels of estrogen receptor (ER) and progesterone receptor (PgR), suggested that the addition of trastuzumab to adjuvant chemotherapy and hormonal therapy did not translate into better outcomes [21] . A subsequent analysis was performed by our group to better investigate the role of hormonal receptors (HRs) in HER2+ eBC [22] . We retrospectively identified 872 TP eBC patients treated with adjuvant chemotherapy alone or plus trastuzumab. Trastuzumab improved long-term outcomes in all the subsets analyzed, but the effect on breast cancer specific survival in tumors expressing both HRs in >30% of cells, and even on relapse free survival (RFS) in tumors with both HRs expressed in >50% of cells was not significant. Multivariate analysis of RFS confirmed a significant interaction between trastuzumab and ER expression, with benefit confined to patients whose tumors expressed ER in ≤50% of cells.
Also in the adjuvant setting, an interesting Italian experience was published by Mustacchi G. et al, focusing on relapse and discontinuation rates in a cohort of 1245 patients treated with adjuvant trastuzumab plus chemotherapy for HER2+ eBC. Nevertheless, the 21.3% of patients were excluded from adjuvant therapy because of comorbidities, age, toxicity or other reasons. In this subgroup, the relapse rate was higher than in chemotherapy treated patients (22.6% vs. 10.9%). However, among patients having received adjuvant trastuzumab plus chemotherapy, a correlation was seen between DFS and ER status [23] .
The Promher Study was an observational experience on adjuvant therapy for HER2+, pT1a-b pN0 BC. The majority of patients (66%) underwent adjuvant chemotherapy plus trastuzumab. DFS was significantly higher in patients treated with adjuvant chemotherapy, with or without trastuzumab, than patients who did not receive systemic therapy [24] .
A Japanese retrospective observational study investigated the survival rates and clinical features of 829 HER2+ eBC treated with neoadjuvant chemotherapy plus trastuzumab. The pathologic complete response rate was 51%, higher in the ER/PgR negative subgroup. Multivariate analysis revealed as independent predictors of low DFS the nodal status, nuclear grade and the pCR [25] .
Finally, a significant contribution to this topic in the literature is given by a German retrospective study that enrolled about 4000 patients affected by HER2+ eBC treated with trastuzumab. Some of the included patient subgroups were not commonly presented in phase III trials (e.g., elderly patients and patients with stage I disease). The overall survival rates at 3 and 5 years seem to confirm the advantage conferred by trastuzumab use in eBC [26] .
Metastatic Breast Cancer
In the metastatic setting, evidence from the real-world derive mostly from observational studies conducted in the "pre-pertuzumab" era, performed before the CLEOPATRA study [43] . This latter trial established the double HER2 blockade therapy with pertuzumab + trastuzumab and taxane-based chemotherapy as the standard first line treatment in patients with HER2+ MBC. In addition, since other HER2-targeted agents are now available in this setting (trastuzumab-emtansine, lapatinib), the use of trastuzumab as a single agent plus chemotherapy in first or subsequent lines is now restricted to selected patients.
The LHORA study has been previously mentioned. This was a multicenter observational trial including HER2+ MBC "long responders" patients treated with first line trastuzumab-therapy, with a PFS >3 years. The median duration of first-line trastuzumab was 4.5 years (range: 0.8-12.1 years), combined with paclitaxel or docetaxel. In these patients, median PFS was 6.4 years (95%CI:[5.7; Not Reached]) [13] .
The real-world outcomes and treatment patterns in an Australian cohort (2001-2016) were the subject of three studies. First, an overall analysis performed in HER2+ MBC patients treated with trastuzumab was published: the clinical outcomes for trastuzumab in this heterogeneous real-world population were reassuringly comparable to those obtained from prospective clinical trials. Furthermore, authors stratified outcomes in two groups based on year of treatment initiation: 2001-2008 and 2009-2015 . The duration of Trastuzumab treatment is longer in the second group than the first one [27] . Second, an analysis of long-term survival was performed: among 4177 women having initiated trastuzumab for HER2+ MBC, 1082 (26%) survived for at least (≥) 5 years. Median time on trastuzumab therapy was 58.9 months (range: 27.6-88.1 months) [28] . In addition, Parkinson and colleagues reported that patients from the real-world setting in whom trastuzumab was administered with a concomitant chemotherapy generally experienced longer OS than those treated with trastuzumab as a monotherapy [29] .
An intriguing theme concerning the survival outcome of TP MBC patients (HER2+/hormone receptor positive) was analyzed by Tripathy and colleagues [30] . Patients treated with first line trastuzumab plus hormonal therapy had significantly longer PFS than patients who received hormonal therapy alone (13. These real-world data provide evidence that dual targeting of hormone receptors and HER2 receptors is associated with significantly prolonged PFS and OS. We have previously mentioned a further study from an Italian cohort of 681 HER2+ MBC patients treated with trastuzumab, which reported that OS was 81.8%, 64.0%, 50.2%, 41.1% and 37.2% at 1, 2, 3, 4 and 5 years, respectively [14] . A further interesting real-world study focused on elderly patients with HER2+ MBC reported improved outcomes in terms of PFS and OS in patients treated with trastuzumab with respect to patients who did not receive it [31] .
Early Breast Cancer and Metastatic Breast Cancer
A large Chinese study explored the disparities of trastuzumab use due to financial reasons. Overall, the improvement in survival outcomes for trastuzumab users versus non-trastuzumab users was evident in both eBC (HR for DFS 0.51, 95% [CI]: 0.505-0.744) and in MBC (HR for PFS 0.51, 95% CI: 0.418-0.606) [32] .
Discussion
The addition of trastuzumab to standard treatments in both the early and metastatic settings has dramatically changed the natural course of the HER2+ breast disease and translated into significantly improved clinical outcomes. Large scale data obtained from prospective interventional trials demonstrated a topping safety profile for trastuzumab, with the lonely exception of some cardiac adverse events. These latter events are most likely related to the interference of this monoclonal antibody with cardiomyocyte metabolism and with the remodeling of the micro-vascular endothelium which supports myocardial tissue. This form of toxicity seems to be most frequently associated with an asymptomatic decline in the LVEF rather than CHF.
The large-scale use of trastuzumab, which has been increasingly sustained by its advantageous therapeutic index, has fueled a growing interest towards long-term safety data from intervention trials and encouraged the follow up update of studies addressing safety as primary endpoint.
In relation to the early breast cancer setting, we mainly focused on five RCTs, i.e., the HERA trial, NSABP protocol B-31, NCCTG N9831 trial, BCIRG 006 and FinHer study, wherein trastuzumab was used in the adjuvant setting [6] [7] [8] [37] [38] [39] [40] [41] [42] . The incidence of any type and any grade of cardiac adverse events was relatively heterogeneous across these five trials and ranged from 0.4% to 7.3%. Cardiotoxicity was significantly more frequent in patients having received trastuzumab compared to those who have not, except for the FinHer trial. In this latter study, patients who did not undergo trastuzumab treatment experienced higher incidence of HF (1.7% vs. 0.9%). The time points at which the incidence of cardiac adverse events was recorded varied from a minimum of 5 years (FinHer trial) to a maximum of 11 years (HERA trial). Data were in key with the lack of significant changes of cardiac toxicity in the long-term. Inconsistencies of the trastuzumab-related cardiotoxicity incidence across these trials maybe at least partly explained by slightly different patients' populations and use of trastuzumab according to different protocols. Importantly, in all these five trials most of the registered cardiac events had a rapid resolution following trastuzumab cessation. Overall, most of these trials confirm that trastuzumab-related toxicity more often occurs during treatment and its increased rate is due to the treatment itself. In these regards, the FinHer trial reported an inconsistent result. However, this trial included a limited number of patients. Some data suggest that severe cardiotoxicity is less tightly related to the length of trastuzumab treatment compared to mild toxicity (HERA trial). A further key issue emerged from these same studies is that the modality in which trastuzumab is administered seems to have a significant impact on the cardiotoxicity rates. More specifically, its concomitant use with chemotherapy, as well as after an anthracycline treatment, increases the cardiac adverse event rates. In this regard, a randomized prospective study conducted by Buzdar and co-authors investigated the concomitant use of trastuzumab and anthracyclines in the neoadjuvant setting [44] . Besides the exceptional outcomes in terms of pCR with the addition of trastuzumab to the anthracyclines, data on safety were comforting, since no CHF events were reported and the incidence of asymptomatic decline of LVFE was comparable to the non-trastuzumab-treated counterpart. It is noteworthy that exposure to trastuzumab in this trial was 24 weeks. A subsequent study by Dawood et al. in this same setting confirmed this outcome also in patients having received standard duration of trastuzumab [45] . A recent Italian phase II trial also explored the use of trastuzumab concomitantly to taxane and anthracycline treatment in the neoadjuvant setting, showing no increase in the rates of clinically overt HF and higher percentage of pCR than usually reported in trials assessing consecutive administration of these agents [46] . All these studies reported a reversible and rapidly recovering LVEF values in most of the cases.
Besides the data obtained from the RCTs, evidence on the safety of trastuzumab in eBC also derives from several observational studies. Although, of outmost importance in driving therapeutic decisions, evidence from randomized clinical trials may not necessarily apply to cancer patients from the real word setting, whose characteristics may not fully reflect those of patients enrolled in the registrative trials. In specific referral to the topic of interest, i.e., cardiotoxicity, the existence of co-morbidities directly and/or indirectly related to a higher risk of cardiac impairment may significantly affect the frequency and outcome of cardiac events in patients exposed to trastuzumab in the real-word setting.
Data from the OHERA study, Goldhar et al. and a Dutch experience, which overall included more than 7000 patients, reported different degrees of cardiac events in 2.5% to 7.8% of the patients [10] [11] [12] . In the OHERA study, the median time to symptomatic CHF was 5.7 months, while Goldhar et al. reported that trastuzumab related HF was higher in the first 1.5 years, but not thereafter. These data suggest that a routine intensive instrumental cardiac function monitoring may not be necessary following completion of the adjuvant treatment. Consistent efforts have been recently made to identify molecular and/or clinical predictors of cardiac adverse events related to trastuzumab treatment. In the OHERA trial, age greater than 65 years, pre-existing cardiac pathologic conditions, hypertension, or LVEF ≤55% at baseline were associated with higher rates of trastuzumab-related cardiotoxicity.
Fewer data are available from the neoadjuvant setting. This is mainly due to the lack of endpoints of cardiac safety in the pre-planned analyses of the related studies. However, the reported cardiac adverse event rates were similar to those observed in the adjuvant trials, i.e., on average 1%-5% [47] [48] [49] .
Evidence on long-term trastuzumab safety in the metastatic setting is relatively scarce. The LHORA study reported a 2.2% trastuzumab-related cardiotoxicity in patients whose PFS was longer than 3 years and who had undergone an uninterrupted trastuzumab-containing I line treatment. The ROP Study reported on the lack of severe cardiac events even in the case of treatment administration for ≥5 years [15] . Conversely, a retrospective study conducted by Yong Sun et al. showed a 13% incidence of ventricular dysfunction due to first line trastuzumab-containing therapy, which was not different in patients receiving trastuzumab for less than one year or more than one year [18] . These long-term follow up studies suggest that, in patients having received trastuzumab therapy, the instrumental monitoring of the heart function should be carefully considered in order to detect possible late events. This may be particularly relevant in the frame of a new clinical reality wherein novel targeted therapies have allowed significantly increases in the rate of long-term DFS, OS and definitive cure in patients treated for an eBC. In addition, the current availability of "omics"-related platforms may allow for the identification of biomarkers of cardiac toxicity. The use of these innovative, groundbreaking techniques, possibly combined with "old-fashion" monitoring techniques of cardiac function, may greatly increase our potentials in the investigation of trastuzumab-related toxicity and help us meet our patients' needs at an individual level.
Evidence on trastuzumab efficacy from the real-world settings is of key importance in the management of patients who more often exhibit a worse performance status, relevant co-morbidities, older age at diagnosis, symptomatic disease or a combination of the aforementioned features. Real-world patients' populations are generally less selected compared to their RCTs counterpart and the evidence from these latter trials may be somewhat limited in its generalizability to the real-life settings.
Some studies focused on aspects related to the real-world treatment and effectiveness of trastuzumab in the eBC. A retrospective study conducted by our group in 205 patients who underwent trastuzumab treatment in the neoadjuvant setting, showed a 46.8% pCR rate, which was consistent with the results from prospective trials [9] . As expected, HER2 "enriched" subtype and time of exposure to trastuzumab were independent predictors of higher rate of pCR. The real-life study conducted by the Southeast Netherlands Breast Cancer consortium confirmed what demonstrated in prior prospective trials with regards to the absolute 5-year DFS and OS in patients receiving trastuzumab in this setting (respectively, 80.7% and 90.7%), but also substantiated the fact that these outcomes are significantly improved with respect to patients who did not receive trastuzumab [19] .
In some areas, the use of trastuzumab is still limited by relevant financial issues. In the study from Adusumilli et al, only 35.8% of patients with an indication to trastuzumab could receive this targeted agent [20] . These patients showed significantly longer DFS and OS compared to their counterpart. In the RETROHER study, the focus was on outcomes of adjuvant treatment in the real-world early setting [21] . A clear difference emerged between HER2-like (ER-/HER2 +) and "triple-positive" (ER/PgR+/HER2+) BC. Overall survival was significantly longer in the patients treated in the post-trastuzumab era. This advantage was independent from the nodal status, even if outcomes were not improved in the TP subgroup. The benefit confined to patients whose tumors expressed ER in ≤50% of cells was also confirmed by the retrospective study that our group conducted [22] . An Australian cohort provided data for three different studies by Daniels et al. and Parkinson et al. [27] [28] [29] . These trials showed that clinical outcomes in terms of PFS and OS were somewhat more heterogeneous in the real-world population, but comparable to those from the RCTs. These authors also confirmed that the combination with chemotherapy improves the performance of trastuzumab in terms of clinical outcomes. The Tripathy trial showed that also in the real-world, treatment with first line trastuzumab + chemotherapy in HER2+ER+MBC has better outcomes with the addition of hormone therapy in terms of PFS and OS and that hormone therapy should be given sequentially with respect to chemotherapy [30] .
A study by Kaufman addressed the real-world effectiveness of trastuzumab in elderly HER2+ MBC showing a conserved advantage in PFS and OS with its use also in this group of patients [31] . More generally, in the metastatic setting, outcome data from the real-world derived mostly from observational studies conducted before the establishment of the double HER2 blockade therapy with pertuzumab + trastuzumab and taxane as the standard first line treatment in patients with HER2+ MBC. New strategies and studies addressing the safety of trastuzumab in this new scenario are of utmost importance. A particularly interesting topic to a research agenda may be a possible increase in cardiotoxicity due to the dual blockage. Moreover, the role of additional HER2 targeted agents, such as trastuzumab-emtansine and lapatinib, should be addressed in the same terms by future trials, since they have become the standard of treatment in the subsequent lines.
Nevertheless, trastuzumab remains the cornerstone in HER2+ BC and is widely used as a single agent all over the world. Moreover, the development of several trastuzumab bio-similar drugs, which have recently entered the clinical practice, will hopefully downsize treatment costs.
Conclusions
Data of long-term safety of trastuzumab in HER+ BC confirm the good safety profile of this drug. Cardiotoxicity remains a concern, particularly in the course of treatment and in the presence of specific patient-related features. Few additional cardiac events are registered in the long-term course. However, careful cardiological monitoring tailored on the individual patient needs is recommended also in years following treatment with trastuzumab, particularly in high-risk subgroups. In addition, trastuzumab confirms its effectiveness in the real-world setting, both in eBC and MBC, based on data which are more easily generalizable to the clinical practice since deriving from non-selected populations. Further long-follow up data are needed to further reinforce the currently available evidence on the topics of interest.
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